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(57) ABSTRACT

A microelectromechanical device includes: a body accom-
modating a microelectromechanical structure; and a cap
bonded to the body and electrically coupled to the micro-
clectromechanical structure through conductive bonding
regions. The cap including a selection module, which has
first selection terminals coupled to the microelectromechani-
cal structure, second selection terminals, and at least one
control terminal, and which can be controlled through the
control terminal to couple the second selection terminals to
respective first selection terminals according, selectively, to
one of a plurality of coupling configurations corresponding
to respective operating conditions.

20 Claims, 10 Drawing Sheets




US 9,718,675 B2

Page 2
(52) U.S. CL 5,719,334 A 2/1998 Parsons
CPC ... B8IC 1/0023 (2013.01); BSIB 2201/0235 g;ggggg i gjggg Ehﬁg? 1
(2013.01); B8IB 2201/0242 (2013.01); BSIB e chulman et al.
_ 5,760,455 A 6/1998 Hierold et al.
2207/012 (2013.01); B8IB 2207/015 5864063 A 1/1999 Otani ef al.
(2013.01); B81B 2207/07 (2013.01); BSI1B 5,905,203 A 5/1999 Flach et al.
2207/092 (2013.01); BSIB 2207/093 6,025,767 A 2/2000 Kellam et al.
(2013.01); B8IB 2207/096 (2013.01); B81B 6,405,592 B1*  6/2002 Murari .....ccoco...... GOLF 23/263
2207/097 (2013.01); B8IC 2203/0118 | 73/304 C
(2013.01); BSIC 2203/0792 (2013.01); HOIL gjggégg Ei gggig %{ﬂlﬂ?date;l al.
! ’ Cgdlo € *
2924/000: (2013'01) 2002/0141130 Al* 10/2002 Lyvke ......ooooevernnnne. HO1H 1/0036
. 361/160
(56) References Cited 2007/0198187 Al* 82007 Pasolini ............... GO1P 15/125
U.S. PATENT DOCUMENTS 73/489
2008/0295597 Al  12/2008 Stewart
4,528,853 A 7/1985 ILerch et al. 2009/0194829 Al 8/2009 Chung et al.
5,111,693 A 5/1992 QGreift
5164328 A 11/1992 Dunn et al. FOREIGN PATENT DOCUMENTS
5,168,344 A 12/1992 FEhlert et al.
5,259,247 A 11/1993 Bantien CN 203582456 U 5/2014
5,285,690 A 2/1994 Koen et al. EP 1961696 Al 8/2008
5,438,859 A 8/1995 Yamashita et al. WO 06/39632 Al 12/1996
5,650,567 A 7/1997 Ueda et al. _ _
5,668,033 A 9/1997 Ohara et al. * cited by examiner



e0l o)

\(

eCll <

US 9,718,675 B2

ISV

n _ﬂm_ ll.
[ [ L
V

o_m

Sheet 1 of 10

| "D14

Aug. 1, 2017

U.S. Patent




US 9,718,675 B2

Sheet 2 of 10

Aug. 1, 2017

U.S. Patent

T

O
o

OF a
43 LA
L _
/l_ -- m..ftx_ _ /
e I I e ————— _
_ - > 91
~ ECl<<g— -BC| —
w_‘\ . _ ) - waww.f!.!m:ﬂ» _ ' I —— h;\ o
N ONIARQ | S NOILO313S L
wil — R "\
S [ SO h,.__ —— - 78 E— \
; _.., \..__ _ ..w _ _
\ | _" 9l qcl / x
. 0Z G
Lt P o oz O s
/ n a8}
4
4



U.S. Patent Aug. 1, 2017 Sheet 3 of 10 US 9,718,675 B2

Fo O — N .
3 2 N X < X
it i O S O
- O
o | S L N~——1 _ - -
N N
| |
o..--1_| o~ _| -1 _ 7]
o

S E i! 3
(=)
: ﬁ biiu =
5/ a 8\
B B

20
271
20



U.S. Patent Aug. 1, 2017 Sheet 4 of 10 US 9,718,675 B2

READING POWER-DOWN
,—%_%

CK1
CK2
SC1

A
SC2

A
SC3

CK2 | SC1

0 0
0



US 9,718,675 B2

Sheet 5 of 10

Aug. 1, 2017

U.S. Patent

Je



US 9,718,675 B2

Sheet 6 of 10

Aug. 1, 2017

U.S. Patent

A S 4_ o J_
T “ | [ 02l
N R S N i m
I
I S R N
| T A “
e L_ m _ L >0z

001



US 9,718,675 B2

Sheet 7 of 10

Aug. 1, 2017

U.S. Patent

0L bi4

0€c OC

KO e 9] 74 BLET 80¢C [A A1
GET cec ;

mmuuuuu||||||||||||=||Jnnqummm“ . 4 , T
OPZ - mn“__ ............... m.l ......... -ﬁ
B

—
/02 T

10¢
A
| oz 912 - 1

‘_,l"
L

__ ec|z €Le P
MO A4 022 174 \ ‘ LT /
SlLC qclce QNN 0cc¢
W« GOC
A4

- f | L
B _._.I I B Jn__ II
I —
L

|

———— e - il :

Q¢

¢
GlLc



US 9,718,675 B2

Sheet 8 of 10

Aug. 1, 2017

U.S. Patent

AN

9¢¢ i eLee e/ee GiE
e O
OvE e 0)74% Q0¢ hee 0/ee

(X33 .\v
9pE

1M 7 U Joe
“_-7_ E—— ] A e 7 __ ove
- _k.mI I oore? o/ gje eee SR e _alke s I
I|I| |I|I

l III
AO RS 0c¢C q____ JLe
0cge

PLE a8Le __
8L ecle h7e




LEE

US 9,718,675 B2
N
D
O)
Ll

i~ 1+ AT =)

- 01Tl Y—_—_—_—_—_ xl 7 _ " -7~ ) ]
it “
pm |
g BOLE “ e/t
= cee| ZEe
O _
= _
7>, |

q0vL “ AR
~ cee| ! 268
m aove i a/€¢
= “

T N e S N R S w =
Mﬂb 03 Y i ped a9
xRWi. OCte
y0g 0€€ Tbt

U.S. Patent



U.S. Patent Aug. 1, 2017 Sheet 10 of 10 US 9,718,675 B2

480
/ 400
420

-

id

W e > — 5 O

— —

<L

0

-
- . -
=

= LLI

% ® P

2 L .
 ——— O

- 2 O

prd

O LLj Ll

O =

o -
© 3

> O

S J

= — d

L -

= Z




US 9,718,675 B2

1

MICROELECTROMECHANICAL DEVICE
WITH SIGNAL ROUTING THROUGH A
PROTECTIVE CAP

BACKGROUND

Technical Field

The present disclosure relates to a microelectromechani-
cal device with signal routing through a protective cap and
to a method of controlling the microelectromechanical
device.

Description of the Related Art

As 1s known, the use of microelectromechanical systems
(MEMS) has encountered an ever-increasing spread 1n vari-
ous sectors of technology and has yielded encouraging
results especially 1 the production of inertial sensors,
microintegrated gyroscopes, and electromechanical oscilla-
tors for a wide range of applications.

Under the thrust of the increasing request for high per-
formance and flexibility of use, the technology has rapidly
developed and has led to the production of mimaturized
microelectromechanical sensors capable of detecting differ-
ent independent quantities. For example, numerous solu-
tions have been proposed regarding multiaxial movement
sensors (accelerometers and gyroscopes) using microstruc-
tures 1ntegrated 1n a single die.

The trend towards miniaturization and to integration has
encountered, however, a limit in the need to enable com-
munication of the sensors integrated in the die with the
external environment, 1n particular with the control devices
that are typically obtained in separate dice. An important
part of the die mtegrating the microstructures, 1n fact, 1s
dedicated exclusively to accommodating contact pads for
connection with the outside world. Paradoxically, whilst
sophisticated solutions from the mechanical and electrical
standpoint enable design of extremely compact microstruc-
tures, the area used by the pads and by the corresponding
connection lines cannot be reduced beyond a certain limit.

Integrated sensors capable of detecting several indepen-
dent quantities hence use a considerable expenditure in
terms of area.

In addition to the technical difficulties to be tackled for
design of the connections, the yield per unit area 1s low, and
the cost of the device 1s high.

BRIEF SUMMARY

The present disclosure 1s directed to providing a micro-

clectromechanical device and a method of controlling the
microelectromechanical device.

One embodiment of the present disclosure 1s directed to a
microelectromechanical device that includes a body includ-
ing a microelectromechanical structure, a cap bonded to the
body and electrically coupled to the microelectromechanical
structure through conductive bonding regions. The cap
includes a selection module having first selection terminals
coupled to the microelectromechanical structure, second
selection terminals, and a control terminal configured to
couple the second selection terminals to respective ones of
the first selection terminals in accordance with one of a

plurality of coupling configurations corresponding to a
respective one of a plurality of operating conditions.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For a better understanding of the disclosure, some
embodiments thereof will now be described, purely by way
of non-limiting example and with reference to the attached
drawings, wherein:
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2

FIG. 1 1s a simplified top plan view of a microelectro-
mechanical device according to an embodiment of the
present disclosure;

FIG. 2 1s a simplified block diagram of the microelectro-
mechanical device of FIG. 1;

FIG. 3 1s a cross section through a portion of the micro-
electromechanical device FIG. 1;

FIG. 4 1s a simplified electrical diagram of a detail of the
microelectromechanical device of FIG. 1;

FIG. 5 15 a simplified electrical diagram of a variant of the
detail of FIG. 4;

FIG. 6 shows graphs regarding quantities used in the
microelectromechanical device according to the variant of
FIG. 5;

FIG. 7 shows tables regarding logic functions used 1n the
microelectromechanical device according to the variant of
FIG. §;

FIG. 8 1s a simplified block diagram of a microelectro-
mechanical device according to a different embodiment of
the present disclosure;

FIG. 9 1s a top plan view of a microelectromechanical
device according to a further embodiment of the present
disclosure:

FIG. 10 1s a cross section through a portion of a micro-
clectromechanical device according to a further embodiment
of the present disclosure;

FIG. 11 1s a cross section through a portion of a micro-
clectromechanical device according to a further embodiment
of the present disclosure;

FIG. 12 1s a simplified top plan view with parts removed
of the microelectromechanical device of FIG. 11; and

FIG. 13 1s a simplified block diagram of an electronic
system 1ncorporating a microelectromechanical device
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

With reference to FIGS. 1 and 2, a multiaxial microelec-
tromechanical sensor 1s illustrated schematically and 1s
designated as a whole by 1. The microelectromechanical
sensor 1 comprises a structural component 2 and a control
circuit or ASIC (Application-Specific Integrated Circuit) 3.

The structural component 2 in turn comprises a miCro-
structure chip 4 and a protective cap 35, bonded to one
another through conductive bonding regions 7, see FIG. 3.

According to an embodiment, the microstructure chip 4
accommodates a first microelectromechanical structure 8
and a second microelectromechanical structure 10, which
form structural parts, respectively, of a multiaxial acceler-
ometer and of a multiaxial gyroscope of a capacitive type. In
what follows, these microelectromechanical structures will
be referred to, for simplicity, as “microstructure 8 and
“microstructure 107

The first microstructure 8 and the second microstructure
10 have respective sets of terminals 8a, 10a coupled to the
protective cap 5 through respective conductive bonding
regions 7 (FIG. 3).

The protective cap 5 1s bonded to the microstructure chip
4 not only through the conductive bonding regions 7, but
also through a bonding ring (not shown) and 1s arranged to
protect the microstructures 8, 10. The bonding ring and the
conductive bonding regions 7 are preferably made from a
single conductive bonding layer and are made of the same
conductive material. However, the conductive bonding
regions 7 are electrically insulated from the bonding ring to
enable proper routing of the signals.
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The protective cap 5 comprises a selection module 13, a
driving module 14, a routing structure 15, and through vias
17, for example of the TSV (through silicon via) type.

The selection module 13 and the driving module 14 are
made 1n a portion of the protective cap 5, which, for
convenience, will be hereinafter referred to as “substrate”

18. It 1s understood, however, that this portion of the
protective cap 5 may comprise, 1n addition to a semicon-
ductor substrate proper, further polycrystalline and monoc-
rystalline semiconductor layers and dielectric layers or por-
tions of layers, according to what may be desired to make the
selection module 13, as well as the driving module 14.

The selection module 13 and the driving module 14 are
accommodated 1n the proximity of a face 18a of the sub-
strate 18 that 1s adjacent to the routing structure 15.

The routing structure 15 comprises a plurality of connec-
tion lines 16 arranged on several levels and embedded 1n a
layer of dielectric material 19. The routing structure 135
hence enables provision of a plurality of fixed and non-
coplanar connections between the microstructures 8, 10 and
the selection module 13, between the selection module 13
and the driving module 14, and between the selection
module 13 and the driving module 14 and contact pads 20
arranged on a face 18b of the substrate 18 opposite to the
tace 18a and coupled to respective signal terminals 3a of the
control device 3 (FIGS. 1 and 2).

The selection module 13 has a plurality of first selection
terminals 13a, second selection terminals 134, and control
terminals 13c¢, as shown schematically 1n FIG. 2 and FIG. 4.
The first selection terminals 13a of the selection module 13
are coupled to the terminals 8a, 10a of the first microstruc-
ture 8 and of the second microstructure 10 through the

routing structure 15 and the bonding regions 7, as explained
heremnafter. The second selection terminals 135 are less
numerous than the first selection terminals 13a and are
coupled to respective contact pads 20. Connection of the
second selection terminals 135 to the pads 20 1s obtained
through the routing structure 135 and respective through vias
17, which traverse the substrate 18 from the face 18a
adjacent to the routing structure 15 to the opposite face 185.

In the embodiment 1llustrated herein, such as FIGS. 4 and
5, the control terminals 13¢ are coupled to respective outputs
of the driving module 14. Alternatively, 1n the absence of the
driving module 14, the control terminals 13¢ may be directly
coupled to respective clock terminals 36 of the control
device 3.

The selection module 13 comprises a plurality of switches
21 controlled by the control device 3 (here through the
driving module 14) so as to couple the second selection
terminals 135 to the first selection terminals 13a according,
to selectively one of a plurality of coupling configurations
corresponding to respective operating conditions.

The switches 21 have first conduction terminals coupled
to respective first selection terminals 13a and second con-
duction terminals coupled to respective second selection
terminals 135, as shown by way ol example in FIG. 4.
Moreover, control terminals of the switches 21 define
respective control terminals 13¢ of the selection module 13.
In greater detail, in one embodiment the first conduction
terminals of the switches 21 are coupled to respective
distinct first selection terminals 13a. Groups 21a of switches
21 have, 1nstead, the respective second conduction terminals
coupled to one and the same second selection terminal 135.

The switches 21 are controlled in such a way that in each
group 21a just one switch 21 at a time 1s closed, whlst all
the others are open.
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4

In one embodiment (FIG. 5), the microstructures 8, 10
provide acceleration signals AX, AY, AZ and angular-veloc-
ity signals X, Y, Q7 to respective first terminals 134/,
13a". For simplicity, the case of unipolar signals 1s 1llus-
trated herein, but what has been explained applies indifler-
ently also to the case of diflerential signals, except for the
fact that a different number of first terminals 13a, second
terminals 135, and switches 21 1s required. The first termi-
nals 134', which receive the acceleration signals AX, AY,
AZ, are selectively connectable to one and the same second
terminal 135’ through a first group 214" of switches 21',
whereas the first terminals 13a", which receive the angular-
velocity signals 2X, Y, €27, are selectively connectable to
one and the same second terminal 135" through a second
group 21a” of switches 21". The switches 21' of the first
group 21a’ and the switches 21" of the second group 21'a’
are closed selectively one at a time 1n rotation during
operation of the microelectromechanical sensor 1.

With reference once again to FIGS. 1-3, the dniving
module 14 has inputs coupled to respective clock terminals

3b of the control device 3 through the routing structure 15,
the through vias 17, and the pads 20 on the face 185 of the
substrate 18. The driving module 14 recerves clock signals
CK1, . .., CKM from the control device 3 and generates
control signals SC1, . . . , SCN for the switches 21. The
control signals SC1, . . ., SCN, which may be shared by
switches 21 of distinct groups 21a, are provided to the
control terminals 13¢ of the selection module 13 for deter-
mining a state (open or closed) of each switch 20. In this
way, the driving module 14 determines the configuration of
the selection module 13 and the operating condition of the
microelectromechanical sensor 1.

In the example of FIG. 5, two clock signals CK1, CK2 are
provided 1n parallel to respective mputs of the driving
module 14. Alternatively, the clock signals may be provided
in series through a single terminal or a small number of
terminals. The clock signals CK1, CK2 assume in sequence
the values illustrated 1n FIG. 6 during a step of reading the
signals coming from the microstructures 8, 10 and simulta-
neously a zero value when the microelectromechanical
sensor 1 1s not in the reading step, such as for example
during steps of power-on or entry into or exit from energy-
saving (power-down) configuration. The driving module 14
comprises logic blocks 24 that implement respective logic
functions F1, F2, F3 to generate three control signals SCI1,
SC2, SC3 as a function of the clock signals CK1, CK2. The
control signals SC1, SC2, SC3 are provided each to the
control terminals of a respective switch 21' of the first group
21a’ and of a respective switch 21" of the second group
21a”.

The logic functions F1, F2, F3 are defined by the tables
shown 1 FIG. 7 1n such a way that in each group 214', 21a”
all the switches 21', 21" will be closed selectively one at a
time 1n rotation in the step of reading the microelectrome-
chanical sensor 1.

According to a variant, illustrated schematically in FIG. 8,
the microelectromechanical sensor 1 comprises a selection
module 13* provided with memory and autonomous pro-
cessing capability and generates the sequences ol control
signals SC1, . . . , SCN necessary for proper operation
starting from a single clock signal CK provided by the
control device 3.

In this case, a single clock terminal 35 1s suflicient on the
control device 3, and a single pad 20 1s suilicient on the
protective cap, in addition to the pads 20 necessary fo
coupling to the signal terminals 3a.
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According to the embodiment illustrated 1n FIG. 9, a
structural component 102 of a microelectromechanical sen-
sor 100 comprises a microstructure chip 104, accommodat-
ing a first microstructure 108 and a second microstructure
110, and a protective cap 105. The protective cap 105
integrates a selection module 113, a driving module 114, and
a routing structure (not shown) substantially as already
described. On the protective cap 105 contact pads 120 are
made for microstructures accommodated 1n the microstruc-
ture chip 104.

The microstructure chip 104 projects on at least one side
with respect to the protective cap and, on the free portion,
accommodates further contact pads 120'.

FIG. 10 shows a structural component 202 of a micro-
clectromechanical sensor according to a further embodiment
ol the disclosure. The microelectromechanical sensor 1s not
illustrated entirely and comprises, 1n addition to the struc-
tural component 202, a control device or ASIC substantially
as already described.

The structural component 202 comprises a microstructure
chip 204 and a protective cap 205, bonded to each other by
conductive bonding regions 207.

The microstructure chip 204 accommodates a first micro-
structure 208 and a second microstructure 210 that form
structural parts, respectively, of a biaxial accelerometer
(with in-plane detection) and of a um-axial accelerometer
(with out-of-plane detection).

In detail, the first microstructure 208 comprises a first
detection mass 230 made of semiconductor material, which
1s constrained to a substrate 231 of the microstructure chip
204 by elastic connection elements (here not shown). The
first detection mass 230 1s movable with respect to the
substrate 231 according to two independent translational
degrees of freedom and can oscillate about a position of
equilibrium. The first detection mass 230 1s provided with
plane movable electrodes 232 (represented with a dashed
line), capacitively coupled to respective fixed electrodes
235, which are also plane, anchored to the substrate 231.
Further movable and fixed electrodes, not shown, are
arranged 1n a plane perpendicular to the moveable electrodes
232 and to the fixed electrodes 235.

The second microstructure 210 comprises a second detec-
tion mass 240, which 1s also made of semiconductor material
and 1s constrained to the substrate 231 through further elastic
connection elements (not shown) so as to oscillate about an
axis A parallel to a face 231a of the substrate 231. The
second detection mass 240 defines a movable electrode and
1s capacitively coupled to a fixed electrode 243 formed on
the substrate 231.

The movable electrodes 232 and the fixed electrodes 235
of the first microstructure 208 are electrically coupled to the
protective cap 205 through respective bonding regions 207
(the connections of the movable electrodes 232 exploit also
the elastic connection elements and are not visible 1n FIG.
10).

The second detection mass 240 1s electrically coupled to
the protective cap 205 through the elastic connection ele-
ments and respective bonding regions (the connections of
the second detection mass 240 are not visible 1n FIG. 10).

The fixed electrode 243 of the second microstructure 210
1s electrically coupled to the protective cap 205 through
connection lines 2435 that develop on the substrate 231,
conductive plugs 246, and respective bonding regions 207.

The protective cap 2035 1s bonded to the microstructure
chup 204 through the bonding regions 207 and a bonding
ring (not shown) and 1s arranged as protection for the
microstructures 208, 210. The bonding ring and the conduc-
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6

tive bonding regions 207 are preferably made of one and the
same conductive bonding layer and are made of one and the
same conductive material. However, the conductive bonding
regions 207 are electrically msulated from the bonding ring
to enable proper signal routing.

The protective cap 205 comprises a selection module 213
accommodated 1n a substrate 218, a routing structure 215,
and through vias 217. In this case, the protective cap 203 1s
without an mdependent driving module, and possible logic
functions are incorporated i the selection module 213
(schematically designated by the number 214).

The routing structure 215 comprises metal connection
lines 216, embedded 1n a dielectric layer 219 and arranged
on a number of distinct levels. The metal connection lines
216 are made, for example, of copper and are obtained using
a “damascene” technique.

The selection module 213 1s accommodated 1n the prox-
imity ol a face 218a of the substrate 218 adjacent to the
routing structure 215 and has a plurality of first selection
terminals 213a and second selection terminals 21356. The
first selection terminals 213a are coupled to the first micro-
structure 208 and to the second microstructure 210 through
the routing structure 215 and the bonding regions 207. The
second selection terminals 2135 are less numerous than the
first selection terminals 213a and are coupled to respective
contact pads 220 set on a face 218b of the substrate 218
opposite to the face 218a. The connection of the second
selection terminals 2135 to the pads 220 1s obtained through
the routing structure 215 and respective through vias 217,
which traverse the substrate 218 from the face 218a to the
opposite face 2185.

The selection module 213 1s made substantially as already
described and comprises a plurality of switches (here not
shown) controlled so as to couple the second selection
terminals 2135 to the first selection terminals 213a accord-
ing, selectively, to one of a plurality of coupling configura-
tions corresponding to respective operating conditions. In
this case, the selection module 213 1s provided with memory
and autonomous processing capability and receives a clock
signal CK that 1s used to configure the connection of the
second selection terminals 2135 to the first selection termi-
nals 213a.

FIG. 11 shows a structural component 302 of a micro-
clectromechanical sensor according to a further embodiment
ol the disclosure. The microelectromechanical sensor 1s not
illustrated entirely and comprises, 1n addition to the struc-
tural component 302, a control device or ASIC substantially
as already described.

The structural component 302 comprises a microstructure
chip 304 and a protective cap 305, bonded to each other by
conductive bonding regions 307.

The microstructure chip 304 accommodates a microstruc-
ture 308 that forms structural parts of a biaxial accelerom-
eter.

In greater detail, the microstructure 308 comprises a
detection mass 330 made of semiconductor matenal,
mechanically coupled to a substrate 331 of the microstruc-
ture chip 304 so as to have two degrees of freedom (a
translational degree of freedom and a rotational degree of
freedom about a non-centroidal axis in the embodiment
described herein).

The detection mass 330 1s provided with two groups of
movable electrodes 332, 333 1n the form of plane plates that
extend 1n comb-like fashion 1n planes parallel to one another
and perpendicular to a face 331a of the substrate 331. In
addition, the two groups of movable electrodes 332, 333 are
substantially symmetrical.
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The microstructure 308 further comprises two groups of
fixed electrodes 335, 336, fixed to the substrate 331 and

capacitively coupled to the groups of movable electrodes
332, 333, respectively.

The group of fixed electrodes 335 comprises electrode
structures 337, which are also in the form of plane plates that
extend 1n comb-like fashion towards the detection mass 330.
The movable electrodes 332 and the electrode structures 337
extend towards one another and are comb-fingered.

Each electrode structure 337 comprises a respective first
fixed electrode 337a and a respective second fixed electrode
337b, both made of polycrystalline silicon and insulated
from one another by a dielectric region 338. The first fixed
clectrode 337a, the dielectric region 338, and the second
fixed electrode 3375 form in order a stack in the direction

perpendicular to the face 331a of the substrate 331. The first
fixed electrode 337a occupies a portion of the fixed-elec-
trode structure 337 that extends between the dielectric
region 338 and a margin 337c¢ facing the substrate 331. The
second fixed electrode 3375 occupies, instead, a portion of
the electrode structure 337 that extends between the dielec-
tric region 338 and a margin 3374 opposite to the margin
337¢ and facing the protective cap 303.

The group of fixed electrodes 336 1s rigidly fixed to the
substrate 331, 1n a position opposite to the group of fixed
clectrodes 335 with respect to the movable mass 330. The
group of fixed electrodes 336 comprises electrode structures
340 which are also 1n the form of plane plates that extend 1n
comb-like fashion towards the detection mass 330 1n planes
parallel to one another and perpendicular to the face 331a of
the substrate 331. The movable electrodes 333 and the
clectrode structures 340 extend towards one another and are
comb-{ingered.

Each electrode structure 340 comprises a respective first
fixed electrode 340a and a respective second fixed electrode
3406, both made of polycrystalline silicon and are 1nsulated
from one another by a dielectric region 341. The first fixed
clectrode 340a, the dielectric region 341, and the second
fixed electrode 34056 form in order a stack in a direction
perpendicular to the face 331a of the substrate 331. The first
fixed electrode 3406 (coplanar to the first fixed electrode
337a of a corresponding electrode structure 337) occupies a
portion of the fixed-electrode structure 340 that extends
between the dielectric region 341 and a margin 340¢ facing
the substrate 331. The fourth fixed electrode 34056 (coplanar
to the second fixed electrode 337h of a corresponding
clectrode structure 337) occupies, instead, a portion of the
clectrode structure 340 that extends between the dielectric
region 341 and a margin 3404 opposite to the margin 340c¢
and facing the protective cap 305.

The first fixed electrodes 337a, 340a of the electrode
structures 337, 340 are coupled to respective electrical
connection lines 345, which develop on the substrate 331
and are coupled to the protective cap 3035 through conduc-
tive plugs 346 and respective bonding regions 307.

The second fixed electrodes 3375, 34056 of the electrode
structures 337, 340 are bonded to the protective cap 305
through respective bonding regions 307.

As shown 1n a simplified way 1 FIG. 12, the first fixed
clectrodes 337a and the second fixed electrodes 3375b of the
clectrode structures 337 are capacitively coupled to respec-
tive movable electrodes 332 of the detection mass 3 and
define with the latter respective capacitors that have an
overall capacitance Ca, Cb. The third fixed electrodes 340a
and fourth fixed electrodes 3406 of the fixed-electrode
structures 340 are capacitively coupled to respective mov-

10

15

20

25

30

35

40

45

50

55

60

65

8

able electrodes 333 of the detection mass 3 and define with
the latter respective capacitors that have overall capacitance
Cc, Cd.

With reference once again to FIG. 11, the protective cap
305 comprises a selection module 313 accommodated 1n a
substrate 318, a routing structure 315, and through vias 317.

The routing structure 315 comprises metal connection
lines 316, embedded 1n a dielectric layer 319 and arranged
on a number of distinct levels.

The selection module 313 1s accommodated 1n the prox-
imity ol a face 318a of the substrate 318 adjacent to the
routing structure 315 and has a plurality of first selection
terminals 313a and second selection terminals 3135. The
first selection terminals 313a are coupled to the microstruc-
ture 308 through the routing structure 315 and the bonding
regions 307. The second selection terminals 3135 are less
numerous than the first selection terminals 313a and are
coupled to respective contact pads 320 set on a face 318H of
the substrate 318 opposite to the face 318a. Connection of
the second selection terminals 3135 to the pads 320 1s
obtained through the routing structure 315 and respective
through vias 317, which traverse the substrate 318 from the
tace 318a to the opposite face 318b.

The selection module 313 1s made substantially as already
described and comprises a plurality of switches (here not
shown) controlled so as to couple the second selection
terminals 3135 to the first selection terminals 313a accord-
ing to selectively one of a plurality of coupling configura-
tions corresponding to respective operating conditions. In
this case, the selection module 313 1s provided with memory
and autonomous processing capability for implementing
logic control functions (designated as a whole by the number
314) and rece1rves a clock signal CK that 1s used to configure
the connection of the second selection terminals 3135 to the
first selection terminals 313a.

The use of a selection module and of contact pads on the
protective cap advantageously enables space to be freed on
the microstructure chip and a greater area to be made
available for the microstructures. It should 1n fact be con-
sidered that there 1s no need to arrange the pads exclusively
around the microstructures. The pads may be provided also
in regions of the cap that overly both the microstructures and
the selection module, as well as the driving module (see 1n
this connection 1n FIG. 1 the pads 20 with respect to the
microstructures 8, 10, to the selection module 13, and to the
driving module 14).

The number of pads necessary for connection towards the
outside world, in particular towards the control device, 1s
small, also considering the pads necessary to control the
switches. Consequently, the design 1s stmplified, also owing
to the greater tlexibility 1n the development of the connec-
tion lines, and 1t 1s possible to provide pads of large
dimensions, favoring subsequent provision of the contacts.

FIG. 13 illustrates a portion of an electronic system 400
according to one embodiment of the present disclosure. The
system 400 incorporates the microelectromechanical device
1 and may be used 1n devices such as, for example, a
palm-top computer (personal digital assistant, PDA), a lap-
top or portable computer, possibly with wireless capability,
a cellphone, a messaging device, a digital music player, a
digital camera, or other devices designed to process, store,
transmit, or receive information. For example, the micro-
clectromechanical device 1 may be used 1n a digital camera
to detect movements and carry out an image stabilization. In
a further embodiment, the microelectromechanical device 1
1s 1ncluded 1n a motion-activated user interface for comput-
ers or consoles for videogames. In a further embodiment, the
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microelectromechanical device 1 1s mcorporated 1n a satel-
lite-navigation device and 1s used for temporarily tracking
the position 1n the case of loss of the satellite positioning
signal.

The electronic system 400 may comprise a controller 410,
an input/output (1/0) device 420 (for example, a keyboard or
a display), the microelectromechanical device 1, a wireless
interface 440, and a memory 460, of a volatile or nonvolatile
type, which are coupled to each other through a bus 450. In
one embodiment, a battery 480 may be used to provide the
system 400. It should be noted that the scope of the present
disclosure 1s not limited to embodiments having necessarily
one or all of the devices listed.

The controller 410 may comprise, for example, one or
more microprocessors, microcontrollers, and the like.

The I/0O device 420 may be used to generate a message.
The system 400 may use the wireless interface 440 to
transmit and receive messages to and from a wireless
communication network with a radiofrequency (RF) signal.
Examples of wireless interface may comprise an antenna, a
wireless transceiver, such as a dipole antenna, even through
the scope of the present disclosure 1s not limited from this
standpoint. Moreover, the I/O device 420 may provide a
voltage representing what 1s stored either in the form of
digital output (1f digital information has been stored) or 1n
the form of analog output (if analog information has been
stored).

Modifications and varnations may be made to the micro-
electromechanical device and to the method described, with-
out thereby departing from the scope of the present disclo-
sure.

In particular, the microelectromechanical device may
incorporate one or more microelectromechanical sensors of
any type, but also micromotors and microactuators.

Grouping and driving of the switches of the selection
module may obviously vary and 1s basically determined by
the mode of operation of the sensors, micromotors, or
microactuators mcorporated 1n the device.

In addition, the switches of the selection module may be
arranged also on different selection levels, for example
according to a tree structure.

The various embodiments described above can be com-
bined to provide further embodiments. These and other
changes can be made to the embodiments 1n light of the
above-detailed description. In general, 1n the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

The 1nvention claimed 1s:

1. A method, comprising:

controlling a microelectromechanical device, the device
having a composite structure that includes a body
having a microelectromechanical structure including a

plurality of output terminals, a cap bonded to the body

and electrically coupled to the microelectromechanical
structure through conductive bonding regions, and 1n
the cap, a selection module having first selection ter-
minals coupled to respective ones of the plurality of
output terminals of the microelectromechanical struc-
ture, a second selection terminal, and a control termi-
nal, the controlling including;:

outputting, by the selection module, a signal provided at

a respective one of the output terminals by selectively

coupling one of the first selection terminals to the
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second selection terminal in accordance with one of a
plurality of coupling configurations corresponding to a
respective one of a plurality of operating conditions.
2. The method of claim 1 wherein the body includes a
second microelectromechanical structure including a plural-
ity of second output terminals, and the selection module
includes third selection terminals coupled to respective ones
of the plurality of second output terminals, and a fourth
selection terminal, the controlling further including:
outputting, by the selection module, a signal provided at
a respective one ol the second output terminals by
selectively coupling one of the third selection terminals

to the fourth selection terminal.
3. The method of claim 2 wherein the selection module

includes a first plurality of switches, each of the first

plurality of switches being coupled between a respective
first selection terminal and the second selection terminal,

and a second plurality of switches, each of the second

plurality of switches being coupled between a respective
third selection terminal and the fourth selection terminal.

4. The method of claim 1 wherein the selection module
includes a first plurality of switches, each of the first
plurality of switches being coupled between a respective
first selection terminal and the second selection terminal.

5. A device, comprising:

a first substrate including a first sensor having a plurality
of first output terminals;

a second substrate having a first surface and a second
surface, the first surface being mechanically and elec-
trically coupled to the first substrate, the second sub-
strate being a cap that includes:

a selection module electrically coupled to the first
sensor, the selection module imncluding first selection
terminals coupled to respective ones of the plurality
of first output terminals, and a second selection
terminal operatively coupled to a selected one of the
first selection terminals, the selection module being
configured to output at the second selection terminal
a signal provided at a respective one of the first
output terminals.

6. The device of claim 5 wherein the first substrate
includes a second sensor.

7. The device of claim 6 wherein the selection module 1s
clectrically coupled to the second sensor.

8. The device of claim 7, further comprising:

a redistribution layer formed on the first surface of the

second substrate;

clectrical connection members formed between the redis-
tribution layer and the first substrate, the electrical
connection members being configured to electrically
couple the selection module to the first and second
SeNnsors.

9. The device of claim 7 wherein the second substrate
includes a plurality of contact pads formed on the second
surface of the second substrate and a plurality of through
vias configured to electrically couple the selection module to
the contact pads.

10. The device of claam 6 wherein the second sensor
includes a plurality of second output terminals, and the
selection module includes second selection terminals
coupled to respective ones of the plurality of second output
terminals, and a third selection terminal operatively coupled
to a second one of the second selection terminals.

11. The device of claim 5 wherein the second substrate
includes a driving module electrically coupled to the selec-
tion module.
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12. The device of claim 11 wherein the first substrate
includes a second sensor and the selection module 1s elec-
trically coupled to the second sensor.

13. The device of claim 12 wherein the second sensor
includes a plurality of second output terminals, and the
selection module includes:

third selection terminals coupled to respective ones of the
plurality of second output terminals; and

a fourth selection terminal operatively coupled to a
selected one of the third selection terminals, the selec-
tion module being configured to output at the fourth
selection terminal a signal provided at a respective one
of the second output terminals.

14. The device of claim 13 wherein the selection module
includes a first plurality of switches coupled to the first
selection terminals and a second plurality of switches
coupled to the third selection terminals.

15. The device of claim 14 wherein the selection module
includes a first input coupled to the first plurality of switches

and a second input coupled to the second plurality of
switches.

16. A method, comprising:

forming a first sensor 1n a first substrate, the first sensor
having a plurality of first output terminals;

mechanically and electrically coupling a first surface of a
second substrate to the first substrate;
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forming a selection module 1n the second substrate, the
selection module including first selection terminals and
a second selection terminal configured to be operatively
coupled to a selected one of the first selection termi-
nals;

clectrically coupling the first selection terminals directly
to respective ones of the first output terminals; and

forming a cap with the second substrate.

17. The method of claim 16, further comprising forming

a second sensor 1n the first substrate.
18. The method of claim 17, further comprising coupling
the selection module to the second sensor.

19. The method of claim 18, further comprising:

forming a redistribution layer on the first surface of the
second substrate;

forming electrical connection members between the redis-
tribution layer and the first substrate, the electrical
connection members coupling the selection module to
the first and second sensors.

20. The method of claim 18, further comprising forming,

a plurality of contact pads on a second surface of the second
substrate and coupling a plurality of through vias between
the selection module and the contact pads.
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